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from developing countries.1 The livestock production occupies 
about 75% of all agri-cultural lands, consuming approximately 8% 
of global human water use2 with a higher water footprint than plant-
based foods3 that couples with the rising fuel-feed-food competition. 
European Commission supposes a total food loss in the EU 27 of more 
than 126 Mt by 2020 with an increasing environmental burden related 
to resource consumption and pollutant emission from food waste 
production during the supply chain.4 
Throughout different initiatives, EU strictly recommends a food 
waste reduction in the next future by increased resource efficiency 
and integrated product policies. This approach follows the aim of bio-
economy5 to solve the competition for nutritional sources, to improve 
the sustainability and the productivity of terrestrial livestock systems, 
to convert the biomass into a range of high-quality foods and to lead 
to a “zero waste” society and economy, with the development of an 
“industrial symbiosis”. 
Conventional unsustainable protein sources
At the moment the nutritional regimes for meat production from 
livestock are based on poor sustainable and not environmental 
friendly vegetable or animal-derived sources. In animal nutrition, 
protein sources must have a high-protein content, an adequate amino 
acid profile, and a high level of digestibility6 to fulfil the nutritional 
requirements for growth. In this view, fish meal and soy meal are often 
the most provided protein sources. Anyway these feeds are among 
the major contributors of land occupation, primary production use, 
acidification, climate change, energy use, and water dependence.7 
Moreover, imbalances between essential and nonessential amino 
acids in these feeds often require the addition of exogenous amino 
acid sources in the diet of monogastrics, such as poultry and pigs such 
as synthetic compounds that lead to higher production costs. In such 
conditions new renewable and environmental-friendly protein sources 
are needed to lower costs for animals rearing and meat production. 
Sustainable proteins from insects
On world basis insects are considered as a possible new protein 
source for animal nutrition due to the high nutritional protein content 
and amino acid balance,8 beside their possible role in increasing food 
security.9 Insects can be fed different by-products, including vegetable 
waste, whose elimination has an economic and environmental cost. 
In this way vegetable waste is transformed into a high-protein feed 
that can replace more expensive feed ingredients, such as fish meal or 
synthetic amino acid compounds. Moreover insects are quite efficient 
food converters: it has been estimated that one kg of insect biomass can 
be produced from on average 2kg of feed biomass.10 Generally insect 
meals are characterized by a high quality and quantity of protein11 
with a considerable content of essential amino acids such as lysine 
methionine and leucine, which are the most frequent limiting amino 
acids for growth. The insect meal includes also a valuable amount 
of lipids with an interesting content of polyunsaturated fatty acids 
from omega 3 and 6 series, which can not only influence the final 
composition of animal lipids and subsequently the meat quality, but 
also provides positive effects on the health status of the animals.12,13
Nowadays two of the most important insects used to produce meal 
belong to two fly types: Black soldier fly (H. Illucens) and housefly 
larvae. At the moment the most interesting seems to be H. Illucens, 
which has been proposed since the 1990s to convert organic waste 
into a protein-rich and fat-rich biomass for animal livestock feeding, 
biodiesel production and chitin production.9,14 Moreover the larvae 
stadium of black soldier fly has been suggested to contain some 
natural antibiotics.15 Black soldier fly larvae contain about 40-44% 
crude protein being the amount of fat variable depending on the type 
of diet (15-49%).16 Generally larvae are also characterized by a high 
Ca and P content (5-8% DM and 0.6-1.5% DM, respectively)17 with 
also a high lysine content (6-8% of the CP).18 
Insect meal in monogastrics nutrition
In poultry and pig nutrition the supply of essential amino acids 
to grow rapidly in a short period of time is a key factor. For this 
reason soybean meal-based diets, as the major protein source of the 
diet, are supplied together with fish meal that covers any amino acid 
deficiency from vegetable proteins.19 The interest in the use of insect 
meal in poultry started during ’70 and ’80, when a number of studies 
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Editorial
Nowadays a growing number of countries suffer over-consumption 
of food with increasing concern for food-related waste production 
both from vegetable sources or other sources derived from production 
cycles with relative related resource problems, environmental 
concerns and economic losses. In this view EU Commission outlines 
as providing a sustainable economy and valuable foods and feeds, both 
for human and animals, is a key point strategy for future development. 
Growing population and increasing environmental 
burden
Agricultural resources in the next future will be not enough 
to provide food for everyone: due to the major shift of the diets to 
increasing consumption of animal products, the demand for meat 
and milk will be strongly increased with the larger part derived 
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were conducted to evaluate growth, feed:gain and the taste of meat 
produced. Subsequently, new researches have been performed starting 
from 2000.20‒23 Generally available literature confirms the feasibility 
of total or partial replacement of fishmeal with insect meal. In 
particular, no negative effects have been reported on growth of insect 
meal-fed animals, however most of papers have described similar or 
even better growth rates in chicks when compared to soybean meal 
or soybean meal plus fishmeal. In the same way the digestibility of 
nutrients seems to be unaffected, or at least improved, by the use 
of insect meal in poultry diet when compared with fishmeal: this is 
especially true when insect meal has a comparable amino acid profile 
and replaces the whole fish meal in the diet20,21 determining some 
economical positive effects.23
If a number of works can be found on the inclusion of different 
insect meals in the diet of poultry, not the same happen for swine 
nutrition: at the moment there are few scientific studies on the use 
of insects as alternative feed for pigs. Makkar et al.18 published 
an exhaustive state-of-the art review on the use of insect meals in 
livestock nutrition, including pigs and poultry. The authors concluded 
that Black soldier larvae meal is a suitable ingredient in growing 
pig diets, being especially valuable for its amino acid, lipid and Ca 
contents, and with the same palatability of the diet as for soybean meal 
based rations. On the poultry side, H. Illucens was able to support 
good growth rates suggesting higher feed conversion efficiency of diet 
on the basis of similar growth performance but lower feed intake.
What still to do
Unfortunately no exhaustive information can be found on the 
influence of dietary insect meal on digestibility and microbioma 
changes in the gut both for poultry and pigs. Some resources found 
that insect meal to pig could negatively affect apparent digestibility 
of dry matter, if compared with a soybean meal-based diet, although 
no discrimination of choice between insect meal diet or soybean diet 
was observed over treated pigs.24 Anyway it is difficult to understand 
the efficacy of insect meals because of the lack of available data or, at 
least, for the different species used depending on the available insect 
in the country. For a complete understatement of the mechanism of 
action of insect meal, some steps are still missing such as an exhaustive 
characterization from a proteomic point of the insect meal used though 
a deeper approach to the nutritional significance of these innovative 
dietary compounds such as the use of RNA-sequency (RNA-seq) in 
the intestine and specifically ileum as the major site of digestion of 
nutrients. Starting from Freeman et al.,25 who gave a detailed gene 
expression of the gastrointestinal tract among other porcine tissues, 
few data are available for RNA-seq on swine and poultry and 
more specifically on the use of insect meal in these species,26,27 but 
obtained results suggest distinct expression patterns and network in 
the intestine with significant variation in gene expression that may 
modify the development of gastrointestinal cells. 
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